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Stem Cells

• Stem cells are unique in that they have the ability to divide and 
differentiate into specialized cells, making them promising candidates 
for regenerative medicine

• Medical treatments use stem cells to repair or replace damaged or 
diseased cells in the body.

• Cells harvested from adipose tissue are well studied and of particular 
interest given their relative abundance, ease of harvest, and low 
immunogenicity

• Bone marrow aspirate concentrate has documented evidence in 
certain patient populations



Stem Cells

Types of Stem Cell Therapy:

• Autologous transplant: Stem cells are harvested from the patient's 
own body.

• Allogeneic transplant: Stem cells are received from a donor.

• Induced pluripotent stem cell (iPSC) therapy: Stem cells are created 
from the patient's own skin cells or other tissues.



Stem Cell Therapy-Indications
Stem cell therapy is currently used to treat a variety of conditions, including:

• Blood cancers (e.g., leukemia, lymphoma)

• Bone marrow disorders

• Immune disorders

• Heart disease

• Diabetes

• Parkinson's disease

• Alzheimer's disease

• Hair Loss

• Pain/Function D’Souza, et al. Journal of Pain Research 2024:17 2951–

3001



Regenerative therapy is currently used to treat a variety of 
conditions, including:

• Pain/Function

• Spine: Disc, Facet, SIJ

• OA Hip/Knee/Shoulder/Foot/Hand

• Tendinitis/Tendinopathy

• Lateral/Medial epicondylitis

• Rotator Cuff

• Achilles

• Plantar Fascia

• Proximal Hamstring/Gluteal

• Muscle Injury/Strain

• Neuropathic Pain

• DPN/SCI/Radiculopathy/Trigeminal Neuralgia/PHN



What are the important biological components?

Mesenchymal stem cells (MSCs)

• Derived from multiple sources: bone marrow, adipose, and umbilical 
cord

• The cell lines may differentiate to cartilage, muscle, and bone, given 
appropriate cell culture media

• Clinically, MSCs often are injected immediately after harvest (non-
cultured cells)

• Infused MSCs induce a phenotypic change in circulating macrophages

• upregulating anabolic and anti-inflammatory cytokines

• IL10 and TGF-b
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What are the important biological components?

• BMAC stands for Bone Marrow Aspirate Concentrate. It's a non-surgical 
treatment that uses a patient's own bone marrow to treat joint pain and 
other conditions.

How it works

• A small sample of bone marrow is extracted from the pelvic bone

• The sample is processed to concentrate the stem cells, growth factors, 
and anti-inflammatory proteins

• The concentrate is injected into the damaged joint or other structure
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What are the important biological components?

Autologous Controlled Serum (ACS) 

• Incubated whole blood

• significant source of anabolic cytokines such as IL1-Ra, IL-4, IL-10, 
and TGF-β

• may induce the production of exosome-containing micro-RNA that 
drives beneficial epigenetic changes in the target tissue 
transforming growth factor-ß (TGF-ß)



What are the important biological 
components?





NSAIDS



Animal Studies



Stem cells transplanted to the IVD in animals decelerate and arrest
the IVD degenerative process. Further studies in human clinical trials
will be needed to advance our knowledge of the benefit.

Gene 564 (2015) 1–8



Human Studies
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Regenerative Therapies for Spine Mesenchymal Stem Cells (MSC)

Mechanism Proposed mechanisms: Therapeutic effects believed to be secondary to 
(a) paracrine activity and macrophage induction of cytokines such as IL-
10 and TGF-β, and (b) potential direct cellular differentiation. MSC 
sources include bone marrow, adipose, umbilical cord, synovium, and 
peripheral blood.

Evidence for clinical effectiveness Observational data and small randomized trials support the use of MSCs 
for discogenic pain (156, 190). The use of MSC for spine-related 
conditions is predominantly as a surgical adjuvant (191).

Laboratory evidence for tissue regeneration Radiographic and histologic evidence of intervertebral disc regeneration 
in a canine model (197).

Clinical evidence for tissue regeneration Observational trials demonstrate some patients have improvement in 
MRI-assessed disc disease after MSC injection (156, 201).

Comments Limited data for safety and efficacy with intrathecal administration.
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Regenerative Therapies for Spine Autologous conditioned serum (ACS)

Mechanism Proposed mechanisms: Therapeutic effects are believed to be due to 
enriched concentrations of anti-inflammatory cytokines such as IL-1Ra, 
IL-4, and IL-10, growth factors such as TGF-β, and exosomes.

Evidence for clinical effectiveness RCT demonstrates improvements in radicular pain following epidural 
injection and superiority to lower dose epidural steroid (182). Other 
supportive evidence is observational.

Laboratory evidence for tissue regeneration No published studies investigating the histologic/regenerative impact of 
ACS on disc or spine pathology.

Clinical evidence for tissue regeneration No published studies investigating radiographic restoration of disc or 
spine pathology.

Comments ACS data are more limited in spine applications.

Buchheit, et al. jci.org Volume 130 Number 5 May 2020



• Support in the literature is strongest for the use of bone marrow 
aspirate concentrate (BMAC) injections for the treatment of knee 
pain, but applications of the use of BMAC and peripheral blood–
derived MSCs for the treatment of hip pain, tendon pain, and disc 
pain have all been reported. 

• Further research is required, with large randomized controlled 
trials.

Pain Medicine, 20(8), 2019, 1570–1583



RESULTS
The literature search yielded 3,063 results, 37 studies were identified for full-text review, and 12 met established inclusion 
criteria for review. The quality of evidence on effectiveness of intradiscal biologics was very low. A single randomized controlled 
trial evaluating platelet-rich plasma reported positive outcomes but had significant methodological flaws. A single trial that 
evaluated mesenchymal stem cells was negative. Success rates for platelet-rich plasma injectate in aggregate were 54.8% (95% 
Confidence Interval: 40%–70%). For mesenchymal stem cells, the aggregate success rate at six months was 53.5% (95% 
Confidence Interval: 38.6%–68.4%), though using worst-case analysis this decreased to 40.7% (95% Confidence Interval: 28.1%–
53.2%). Similarly, ≥30% functional improvement was achieved in 74.3% (95% Confidence Interval: 59.8%–88.7%) at six months 
but using worst-case analysis, this decreased to 44.1% (95% Confidence Interval: 28.1%–53.2%).
CONCLUSION
Limited observational data support the use of intradiscal biologic agents for the treatment of discogenic low back pain. According 
to the Grades of Recommendation, Assessment, Development and Evaluation System, the evidence supporting use of intradiscal 
mesenchymal stem cells and platelet-rich plasma is very low quality.





Regenerative Medicine for Axial and Radicular Spine-
Related Pain: A Narrative Review

Desai M, et al. Pain Practice. 2020

Conclusions: Level I studies to support:

•  Use of PRP and MSC injections for discogenic pain

• PRP for facet joint injections with PRP

• Epidural injections of autologous conditioned serum and epidural 
prolotherapy

• PRP and prolotherapy for sacroiliac joint pain. 

• One level I study showed that facet joint prolotherapy has no 
significant benefit. 

• Notably, no intervention has multiple published level I studies.



Guidelines
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Consensus Point 1. Patients should be advised that the mechanisms of action of 

injectable biologics in the treatment of chronic pain conditions are multifaceted and 

related to the specific injected biologic agent. Most mechanisms are centered on 

modulation of the injected tissue to promote an anti-inflammatory microenvironment. 

Common mechanisms include:

 (1) release of anti-inflammatory cytokines,

(2) release of growth factors

(3) differentiation of mononuclear cells into anti-inflammatory macrophages

(4) release of extracellular vesicles that bind to target tissue resident cells and perform a 

paracrine function similar to progenitor cells.
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• In well-selected individuals with certain chronic pain indications, use of 
injectable biologics may provide superior analgesia, functionality, 
and/or quality of life compared to conventional medical management or 
placebo. 

• Future high-quality randomized clinical trials are warranted with 
implementation of minimum reporting standards, standardization of 
preparation protocols, investigation of dose–response associations, and 
comparative analysis between different injectable biologics.

D’Souza, et al. Journal of Pain Research 2024:17 2951–

3001



Conclusions
• Evolving knowledge of mechanisms of action of biological agents

• Limited evidence for spinal use of PRP, MSCs, ACS-limited follow-up 
beyond 6 months

• More controlled studies needed to assess response and risks with 
treatment, especially long-term

• Minimal additional risks reported beyond the risks associated with underlying 
procedure

• Patients should be fully informed of known risks/benefits and off-
label use and often high out of pocket costs
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